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An investigationwasconductdina turbojetengine,mountedina
sea-levelteststand,todeterminethevibrationalcharacteristicsof
fourrepresentativetypesof air-cooledturbineblades.Twoofthetypes
werestsadard-span(4in.) bladesfortheengineusedinthisinvesti-

gation,andtheothertwotypeswerelong-span(~ in.) bladesforhigh

mass-flowturbines.Staticfatiguetestswerealsoconductedwiththese
blades.Thebladeswereallbrazedassembliesof castandsheet-metal
components.ThevibratorystressesweremeasuredwithNACAhigh-
temperaturestraingages.

Inallfourbladetypes,thefirst-bending-modefrequencieswerein-
creasedfrom2 to 3 percentby a coolant-flowrateofapproximately8 per-
cent.Withthestandsrd-spanblades,coolhghadno noticeableeffecton
themaximumvibratorystressmeasured;however,withthelong-spanblades,
thevibratorystresseswerereducedathighspeedsby introducingcooling
air. Also,thelohgspan-bladesvibratedat allspeedsandthevibratory
stressesincreasedrapidlywithspeed.Theresultsofthelong-span-blade
testsmayhavebeeninfluencedby thetestingconditionsatthetipregions
oftheblades.

INTRODUCTION

Theresearchon cooledturbinebladeshasexperiencedfailuresof
experimentalbladesin engines(refs.1 to4). Someofthesefailures
wereattributedtofabricationandmaterialsproblems;however,other
failuresexhibitedsignsof fatiguecausedby bladevibrations.The
vibrationproblemsassociatedwiththehollowcooledturbinebladesmy
be significantlydifferentfromthoseforsoliduncooledblades.This
vibratorystressproblemin cooledturbine-rotorbladeswillbecomein-
creasinglyimportantasthehighMachnumber,highmassflow,andlow
pressureratioturbojetengineisdevelopedwithinlettemperatures
ringingtiom2000°to 2500°F. Tohandlethehighmassflow,these
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engineswillhavelowturbinehub-tipradiusratios,andastheturbine
bladesbecomelongertopermithigherandhighermassflows,bladestiff-
nesswilldecrease,andthebladeswillbe moresusceptibleto vibration.
Also,thehighturbinespeedsassociatedwiththeuseofthetransonic
compressorresultinhighcentrifugalstresses.Theanticipatedcombi-
nationofhighlevelsof centrifugalandvilyatorystressesestablishes
a needto determinethevibratorycharacteristicsofrepresentativeair-
cooledblades.

Ifthespanwisetemperatureandcentrifugalstressprofilesinthe
cooledbladesareconsidered,thecriticalregionwithregardto stress
ruptureisapproximatelyone-thirdspanfromthebase. Withengine
operationatpresentinlettemperatures,prematurebladefailuresfYequent-
IyoccurredIntheregionimmediatelyabovethejunctionoftheblade
baseandairfoil,andnotinthecriticalstress-ruptureregion.These
failuresof cooledexperimentalturbinebladesinengineswereprobably
causedbybladevibration.Forthisreasona programtodeterminethe
vibratorycharacteristicsofair-cooledturbinebladeswasundertakenat
theNACALewislaboratory.

Theinvestigationreportedhereindeterminedthevibrationalcharac-
teristicsoffourrepresentativebladetypesutilizedinturbine-cooling
research.Thesebladesconsistedofanassemblyof castsadsheet-metal
componentswhichwerebrazedandweldedtogetherina relativelyrigid
structure.Twoofthebladetypeswerethosewithspansequalto the
standardbladesfortheengineusedinthisinvestigationandcouldbe
consideredasrepresentativetypesforenginesdesignedforflightMach
nwnbersup toapproximately2. Theothertwotypeswerelong-span-type
bladeswhichcouldbe consideredas representativeofbladesinhigh
massflowandlowcompressorpressure enginesforflightMachnumbers
up toabout4. Allbladetypeswereoperatedinan enginebothwith
andwithoutcoolingairtodeterminewhethercoolingairflowaffected
thevibrationalcharacteristicsoftheblades.Staticfatiguetests
werealsoconductedwiththetestbladesinaninterruption-t~eair
exciter.Theturbine-bladevibrationsforboththeengineandstatic
investigationsweremeasuredwithstraingagesmountedonthebladeair-
foils. Intheengineinvestigation,thestrain-gagesignalsweretrans-
mittedfromthebladestoa recordingosci~ographby slipringsmounted
atthefrontoftheengine.

APPARATUSANDINSTRUMENTATION

Blades

8

—
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—

—
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A bladeof eachofthefourtypesofair-cooledturbineblades
investigatedis showninfigure1. Thereferencenameforeachbladeis
indicated.TableI showsthesketchesofthetipcrosssections,and
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givesthedetailsof thematerialsusedfortheconstructionofblades
reportedherein.A shell-supportedbladeisoneinwhichtheoutershell
isa mainload-carryingmember;a strut-supportedbladeisa bladein
whichan internalstrutisthe~in membercarr@ngtheairfoilload.
A corrugated-insertortube-filledbladeis a shell-supportedblade
inwhichcorrugationsortubeshavebeeninsertd.insidetheshell
to increasetheheat-transferarea. Theairfoillengt~softheshort-
or standard-spanandthelong-spanbladeswere4 and~ inches,respective-
ly. Thechordlengthofthelong-spanbladeswasalsogreat-thanfor
theshort-spanblades.Thesebladeswerebrazedstructuresutilizing
castbasesandstruts(ifstruttype),andsheet-metalshellsandcorruga-
tions.Allthebladesinthisinvestigationwerenewexceptthestandard-
span,tube-filledblades.Thesebladeswereusedina previousinvestiga-
tionandtheirpriorrunningtimewasunbown.

TurbojetEngineandInstallation

Theengineinvestigationwasconductedwitha turbojetengine
operatedina sea-levelstaticteststand.Thetestenginehada centrif-
ugalcompressoranda single-stageturbinemodifiedto supplycoolingair
totwotestbladeslocatedM@ apart.Thecoolingairwassuppliedto
thetwotestbladesfromtherearfaceoftheturbinewheelthrougha
specialtailconeassemblyshownb figure2. Thedetailsofthemodifi-
cationoftheturbinerotorandtailconearegiveninreference5.

Thetailconemodificationsreportedinreference5 wereusedonly
withthestsndard-spsm(4-in.)blades(standsrdproductionlengthfor
bladesintheengineofthisinvestigation).Additionalmodifications
oftheturbineshroudweremadetoaccommodatethelong-span(~ in.)

blades.Figure3 schematicallyshowsthespecialshroudthatwas
usedforthispartof theinvestigation.me “nontest”bladeswere
thesameforthetestingofallfourtypesofblades.Therefore,
thelong-spanbladesextendedradiallyapproximatelyZ$inchesbeyondthe

tipoftheotherturbineblades.Theseportionsofthetestbladeswere
partiallyshieldedfromthehigh-velocityworking gasstream.‘Thetime
and~ense ofprovidinga testfacilityinwhicha rotor,fullybladed
withthelong-spanbl.ades,couldbe testedwasregardedasprohibitive.
Therefore,thetailconemodificationsdescribedhereinwereutilized.
Thepossibleeffectofthisarrangementon thetestresultsisdiscussed
later.
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MethodsofDetectingandMeasuringVibratoryStresses

Hightemperaturestraingages(fabricatedby theLewislaboratory
.

anddescribedinref.6)wereinstalledonthetestbladesandusedto
measurethevibratorystressesandfrequencies.Staticlaboratorytests
wereconductedtodeterminetheoptimumlocationforthestraingage.
As a resultofthesetests,a straingagewasmountedon eachbladeat
thetrailingedgejustabovethepressure-facefillet.Thislocationwas
notnecessarilytheregionofmaximumstress,buttheregionwherethe
straingages(1/4in.wideand3/8in.long)producedthemaximumsignal l+’
forthefirst-bending-modevibration.Themaximumstresswouldbe inthe 4
filletregionbecauseof structuralstressconcentrationsarisingfrom z
theattachmentoftheshelltotheroot.Thestraingagewasusedasthe
activepartof a Whetstonebridgecircuit.Thestrain-gagesignalswere
conductedfromtheenginethrougha slipringassembly(ref.7)mounted
onthefrontoftheengineandthentotherecordingoscillograph.An
electronicspeedcounterwasusedtokeepan instantaneouscheckonthe
enginespeedat all.times.

StaticFatigueTests

Thesametestbladesfromtheengineinvestigationwereusedfor J
staticfatiguetests.Commercialstraingagesmountedat thesame
locationas fortheengineinvestigationwereusedto determinethe

--

frequencyandto controlthestressatpredeterminedlevels.Theblades *
wereexcitedby an interruption-typeairexcitersuchasdescribedin
reference6. Thistypeof exciterhasa rotatingdiskthatinterruptsa
highpressurestreamofairdirectedatthetipofthetestblade.This
diskhas18holesequallyspacedaroundthediskperipherywiththecenters
oftheholescoincidingwiththecenterlineof theafrstream.Therefore,
by controllingthespeedofthedisk,theexcitationfrequencyoftheforce
exertedby theairstreamcouldbe controlledtopredeterminedvalues.

PROC!EEURE

EngineInvestigation

Twoinstrumentatedtestbladesofa giventypewereinstalledinto
theturbinerotor.Theenginewasthenacceleratedslowlyfromidle,
4000rpm,toratedspeed(table1) forthebladestested.Ratedspeed
forthestandardspanbladeswas11,500rpm(ratedspeedfortheengine
usedinthisinvestigation),andratedspeedforthelong-spanblades
wasthatspeedatwhichthecentrifugalstresswasequaltothedesign
stress.Whenevera peakvibrationwasobservedduringthisslowaccel-
eration,theenginespeedwasadjustedforthemaximumvibratorystress
andthesignalwasrecorded.Thevibrationalcharacteristicsofthe
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bladeswerefirstdeterminedoverthecompletespeedrangewithmaximum
. coolingairflowforthisinvestigation.5t is,thecoolant-flowcondi-

tionsweresetsathat,atratedspeedforthetestblades,thecoolant
flowrateperbladewasapproximately0.08ofthehotgasflowbetween
twoadjacentturbineblades.Af%erthedatahadbeenobtainedwith
coolant-flowconditions,theenginespeedwasreducedto idle,thecoo13.ng
airsupplywasshutoff,andthetestprocedurerepeated.Thisprocedure
wasfollowedbecausetheprobabilityof a prematurebladefailurewasmuch
greaterwithair-cooledbladeswhen theyareoperatedwithoutcoolant
flow. Withtherecordingoscillographandelectronicspeedcounter,the
dataat eachspeedwereobtainedrapidlyinorderto keeptheactual
enginerunningtimetoa minimum.

StaticInvestigation

Commercialstraingagesweremuntedonthetestbladesafterthe
engineinvestigation,andthebladeswereinstalledoneata timeinthe
interruption-typeairexciter.Withan air-supplycontrolandthestrain
gageswithnecessaryinstruments,thevibratorystresswasmaintainedat
thedesiredlevel.Theexcitationfrequencywasmaintainedat approxi-
matelythesamevalueaswasmeasuredintheengineinvestigationby con-

k trollingthespeedof theinterruption-typealrexciter.

ENGINEINVESTIGATION

Themagnitudeandtheexcitationfrequencyofthevibratoryforces
inturbojetenginesv- considerablyevenbetweenenginesofthesame
model.However,thedatapresentedhereinfroma specificenginewill
indicatesomeofthevibrationalproblemsandcharacteristicsof air-
cooledturbineblades.Forthisinvestigationthebladeswereoperated
withtheextremeconditionsofmaximumcoolant-flowratioof about0.08,
andno coolingairflowto determineif coolantflowhadan appreciable
effecton thebladevibrationcharacteristics.As a resultoftheunusual
tipconditionsunderwhichthelong-spanbl.adeswereinvestigated,the
resultsofthestandard-spanandlong-spanbladessrenotdirectly
comparable,andthereforetillbe discussedseparately.Dataarepresented
inplotsof frequencyandvibratorystressagainstenginespeedfora
givenbladetype(figs.4 and6 to 8). “Thefrequencyrepresentedis
that ofthefirst-bending-modevibration.Theintersectionof thedata
curvesandtheorderof enginespeedlinesrepresentsthatfrequencyand
enginespeedatwhichtheenginerotationalfrequencyin cyclesper
secondmultipliedby theorderof enginespeed-isequalto theblade-
vibrationfrequency.Vibrationoccurringatthisintersectionisre-
ferredtoasresonantvibration.

d

.
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Standard-SpanBlades(4-In.Span)

Tube-filledshell-supportedblade.- Figure4 presentsvibratory
frequencyandstressdata.Thesedataincludethenu?iherofpeaksor
criticalvibrations,thechangeinvibrationfrequencywithcoolantflow,
andthevibratorystressat each,criticalspeed.It canbenotedinfig-
ure4(a)thatthesixth-andseventh-ordervibrationswereobservedonly
withcoolantflow.Hence,thisbladet~e wasmoresusceptibleto vi-
brationwithcoolantflowthanwithout;thatis,morevibrationswere *
observedwithcoolantflow.Also,witha coolantflowrateofabout8 ;
percentthevibrationalfrequencywasincreasedapproximately2$percent. +

Forexample,withtheeighth-ordervibrationthefrequencywasincreased
fromapproximately1035to 1060cyclespersecond.Calculationsbased
ontemperaturemeasurementsfrompreviousheat-transferinvestigations
indicatedthatthefrequencyincreasewasduetotheincreaseinthe
blade-materialmodulusof elasticitywitha decreaseinblade-material
temperature.Thefourteenth-ordervibrationwasprobablyexcitedby the
presenceof 14combustorcans.

Thepeakvibratorystressesreportedin figure4(b)variedbetween
A4000tok7500psi;however,thepeakstressmeasuredeitherwithorwith-
outcoolantflowwasapproximatelythesame,indicatingthatcoo&ntflow z-
hadlittleeffectonpeakvibratorystress.Thesepeakvibrationsoccurred
overa narrowspeedrange@ theresonantpeaksweresharpandoften
difficultto obtain.Figure5(a)presentsa typicaloscillo~amshowing T

theresonant-typevibrationsignalobtaindwiththetube-filled-type,
air-coolalturbineblade.

Corrugated-insertshell-supportedblade.- Thefrequencyandstress
dataareplottedin figure6. Theonlyvibrationthatwasobservedwhen
thecorr@ated-insert;hell-supportedbladewasoperatedwithcoolant
flowwasthefifth-ordervibration.Thefifth,sixth,seventh,andeighth
ordersofvibrationwereobservedwhenthebladewasoperatedwithout
coolantflow.Therefore,thisbladetypewasmoresusceptibletovibration
whenoperatedwithoutcoolantflow,or justtheoppositeresultofthat
obtainedwiththetube-filledblade.Thevibrationalfrequencywasraised
about3 percentwhenthebladewasoperated.withcoolantflow. —

Thepeakvibratorystressesmeasuredwereapproximately&500psi
(fig.6(b)) or approximatelyone-halfashighasforthetube-filled
blades.Thesepeakvibrationsalsooccurredovera narrowspeedrange.
Alsoplottedin figure6(b)arethevibratorystressesmeasuredinanother

—

investigationandreportedinfigure4 ofreference8. Thesedatawere
obtainedwithhigh-temperaturestraingagesmountedon solidbladesused
inthesametypeengineas thisinvestigation.Thevibratorystresses
wereof approximatelythesamemagnitudeasthosereportedhereinforthe E_
corrugated-insertshell-supportedblade.Thecharacteristicvibration —

.
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signalsforthecorrugated-insert,shell-supportedandsolidbladeswere
. thesameasforthetube-filledbladeshownin figure5.

Long-SpanBlades(6$In.Span)

Theaerodynamicconditionsaroundthetipregionforthelong-span
testbladeswereabnormal(TurbojetEngineandInstallationsectionof
APPARATUSm INSTRUMENTATION),andas a resultthemeasuredvibratory
stressescouldhavebeeneitherdecreasedor increasedby thesetesting
environments.Thevibrationcouldhavebeendecreasedbecausethe
pulsatingor excitingforcespr,esentinthehotgasstreamwouldbe more
effectivewhenstrikingthetipregionratherthanthelowerorbase
region.Duringthisinvestigation,thetipregionwasshieldedfromthe
hotgasstream.On theotherhand,thevibrationscouldhavebeenin-
creasedbecauseof undesirableflowconditions,suchas stall,actingat
thetipregionintheexpandedturbineshroudsection.Priorto this
investigation,thelong-spanbladesthatwereruninheat-transferin-
vestigationsfailedbeforeratedspeedwasreached.

Strut-supportedblade.- Thevibrationdataarepresentedin figure
7. Thebladevibrationfrequencydatainthecriticalspeeddiagram
(fig.7(a))donotallcorrelatetiththearderof enginespeedlinesas
didthedataforthestandard-spanblades(figs.4 and6). Thelong-span
bladesweredifferentfromtheshort-spanb~des int~t they vibrated
atallspeedsinvestigated,andnotJustat criticalspeedsortheinter-
sectionofthemeasuredbladefYequencyandenginespeedorderlines.In
fact,datacouldhavebeenobtainedat anyspeedbetweenidleandrated,
andforthisreasona continuouscurvewasdrawnthroughthepeakstress
points.At speedsbetweenthethirdad fourthenginespeedorders,many
datapointswereobtainedinorderto definetheshapeof thestress
curve.Bladecoolantflowincreasedthebladevibrationalfrequency
approximately3 percent.

In figure7(b)themaximumvibratorystresswasapproxi~tely~9680
psiat9250rpmwithoutcoolantflow.At speedsbelow8700rpm,the
maximumstressesweremeasuredwithcoolantflow. Figure5(b)presentsa
typicaloscillogramshowingthecharacteristicvibrationfora long-span
strut-supportedblade.Closeexaminationof figure5 showsthatthe
amplitudeofthelong-spanbladevibrationis constantlychanging.With
thestandsrd-span%ladetheamplitudewasrelativelyconstant.In figure
5(b)thestressesvaryfromapproximatelyk3280toA9680psi,andthe
stressesvariedina likemannerat allspeeds.Theexcitationof these
bladesmayhavebeenassociatedwithor influencedby thetestingenviron-
mentdescribedinAPPARATUSANDINSKKJMENTATIONandshownin figure3.
Thevarying-amplitude-typevibrationsignalis consideredtobe associated
witha stallingconditioninaxial-flowcompressors.Sincethetipsof
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thelong-spanbladeswererotatingina low-flowzone,it ispossible
thatthetipswereina wtalledconditionad thatthisaffectedthe
characterofthebladevibration.

Corrugated-insertshell-supportedblades.Thevibrationdatafor
thecorrugated-insertshell-supportedbladesarereportedin figure8.

+4
Thevibrationfrequencyandcharacterofthestrain-gagesignalswere

mF
thesameforboththestrut-supportedandcorrugated-insert,shell-
supportedlong-spanblades.Thatis,thebladeswerevibratingatall
speedswithan irregularamplitude.Withthecorrugated-insert,shell-
supportedblades,thevibrationfrequencywasincreasedapproximately3
percentwithcoolantflow.

Themaximumvibratorystressofk12,000psi(fig.8(b))wasmeasured
at 9250rpmwfthoutcool.&flow.Above-
veryrapidlywithincreasedenginespeed
flow.

STATIC”FATIGUE

8000rpmthestressesincreased
eitherwithorwithoutcoolant

TESTS

Inanattemptto establishtherelativeimportanceofthevibratory
stressesreportedherein,staticfatiguetestswereconductedthat d

utilizedthetestbladesfromtheengine.An interruption-typeairex-
citerwasusedforthesefatiguetests.No attemptwasmadeto duplicate
theeffectof centrifugalforce,gasloading,ortemperatureonthe

u

fatiguelifeof theblades.IntheengineInvestigationthebladeswere
vibratingat theirfirst-bending-modefrequencies.Thesefatiguetests
weretherefore,alsooperatedat thefirstbendingmodefrequenciesof
theblades.Table11 summarizesthedataobtainedinthefatiguetests
conductedwiththeinterruption-typeairexciter.

Standard-SpanBlades(4In.Span)

Tube-filledshell-supportedblade.- Figure9 showsa typicaltube-
bladefailureobtainedduringengineoperationandreportedinreference
1. Blades1 and2 of staticinvestigationreportedherein(tableII)
alsoexhibitedfatiguefailuresat thesamelocation.Witha vibratory

stressofA1O,OOOpsi~blade2 failedinonly7+hours.Figure4 shows
thatvibratorystressesashighas approximatelyA7500psiweremeasured
duringengineoperation.A vibratorystressofk7500psimayappearto
be toolowto causebladefailure;however,becauseof stressconcentra-
tionsatthefillet,thestressat thepointof failurewouldbe many
timeshigherorhighenoughto causebladefailure.

TheresultssummartzedintableIIofreference1 arefortheendur- -
antetestingof 69tube-filledbladeswithvmiousbladeheattreatments

“
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andtypesof filletatthebaseoftheairfoil.A totalof 23ofthe
. failureswereat thebaseof theairfoilandwereofthefatigueme

reportedhereinwiththetwostaticfatigue-testedblades.Of thefail-
ures,15occurredin lessthan10hours.Itwasconcltiedinreference
1 thatthevibrationalcharacteristicsofthebladeswerenotprincipal
causesofthefailures.However,themeasurementof thevibratory
stressesduringengineoperationreportedhereinindicatesthattheblade
vibrationcouldhavebeentheprincipalcauseof failurefortworeasons:
(1)thetypeofbladefailurewasreproducedinthelaboratorywitha
staticfatiguetest;(2)evenwhentheeffectsof centrifugalforce,gas
loading,andtemperaturewereneglectedthevibratorystressthatwould

.
cause failuresin 7$hourswascloseto thatmeasuredintheengineat a
criticalspeed.

Corrugated-insertshell-supportedblade.- Thefatiguefailuresof
thecorrugated-insertbladesoccurredin he trailing-edgeregionnear
thetip(table11). Severalbladesofthisdesignhive~een~sedfor
heat-transferinvestigationsin enginesandhaveexhibitedairfoil-tip
failuressimilartofatiguefailuresreportedherein.Whenthefatigue
stresswascontrolledtoa levelofonlyfiOOOpsi,theairfoilcracked
within4hours(tableII). Aswiththetube-filledblades,bladevibra-
tionnodoubtwasa contributingfactortothefailureof theair-cooled
bladesintheengineheat-transferinvestigations.

Long-SpanBlades

Duringthefatiguetestingofthetwo@_pesof long-spanblades,no
failuresoccurredintheairfoil(tableII). Allfailuresoccurredin
theserrationsorrootsections.Inonephaseof theinvestigation,the
bladebasewasweldedinpositionandtheweldcracked.Withthefatigue
equipmentavailableitwasimpossibletofatiguetheairfoilofthelong-
spanblades.Priorto thisvibrationinvestigation,thebladesthat
wererunina heat-transferinvestigationinan enginefailedatthebase
oftheairfoilbeforeratedspeedwasreached.Theinvestigationreported
hereinfoundthatthepeakvibratorystressesincreasedrapidlywith
enginespeed.Therapidlyincreasingvibratoryandcentrifugalstresses
in combinationtiththestressconcentrationsassociatedwtthfabrication
couldhavebeena mjor factorintheesrlyfailuresofthelong-span
bladeinearlierenginetests.

SUMMARYOFRESULTS

Theresultsofan engineinvestigationtodeterminethevibration
characteristicsof twotypesof standard-spanandtwotypesof long-span
air-cooledturbinebladecanbe summarizedas follows:
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Standard-SpanBlade(4-In.Span)

1.A M@ coolant-flowrateofap~oximately8 percentincreasedthe ‘
measuredfirstbendingmodefrequenciesby 2 to 3 percent.

2.The vibrato=stressesfbrcorrugated-h=rt,shell-supported
bladeswereapproximatelythesameasforsoliduncool~bladesandthe
vibratorystressesforthetube-filledb4de wereappofi=te~~ce aS
highasforthesolidblade. ~

3.Coolantflowhadnonotic-bleeffectonmaximumvibratorystress
toP

measured.

4. Thetube-filledbladehadmorecriticalspeedswithcoolantflow
thanwithoutcoolantflow,andthecorrugated-insertshell-supportedblade
hadmorecriticalspeedswithoutcoolantflow.

5.Allpeakvibrationswereengine-ordervibrations.

6.Failuresobtainedin static-fatiguetestsweresimilartothe
failures(thetimetofailureandthetypeof failure)experiencedin
theengineand,therefore,vibrationmayhavebeenthecauseoffailure.

Long-span

(Thefollowingresultsmay
ditions.)

Blade(6$In.Span)

havebeeninfluencedbythetestingcon-

1.Thehighcoolant-flowrateofapproximately8 percentIncreased
thefirst-bending-modetiequenciesbyabout3 percent.

2.Thelong-spanbladeswerevibratingatallspeeds.Thevibration
simalsweresimilarto signalsfromstalledaxial-flowcompressorblades
in-thatthevibration

3.Thevibratory

4.Thevibratory
speedsabove8000and

amplitudewascontinuouslyvarying.

stressincreasedrapidlywithenginespeed.

stresseswerereducedwithcoolantflowatengine
8700rpmforthecorrugated-insertshell-supported

~ strut-supportedblades,respectively.

LewisFlightPropulsionLaborato~
National.AdvisoryCommitteeforAeronautics

Cleveland,Ohio,January17,1958
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TABLE I. - BLADEMATERIAL,FWTEJl6PEEDS,MI)CEmUUFUGALSI!RE8SES

Blade type hkitmrkl Rated Design

Base 8ixllk shell corru@iion?ilrazespeed, centrifugal

or ~m etress
tube at

base,
psi

%andard-span, Es-211020 1722A-S Ricro-
tube-filled

11,500 32,000
braz

shell.suppmted

3tendwd-span, E8-21 ri-153 A-2I36 lwro- 11,503 39,950
corrugated-insert bras
shell-supported

Lcmg-spfl?l, X-40 A-286 L-603 GE-81 9,550 43,100
corrugatefi-inseti
shell-supported

king-span

& ‘-M ‘-’o “m
GE-81 9,550 40,900

strut-su~tea

< . <
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TABLE II. - FATIGUETESTSCONDUCTEDWITH ~ ~ Excm

Stanaard-span
tube-filled
shell-su~orted

Standard-span
corrugated-insert
shell-supp-wted

Long-span
corrugated-insert
shell-suppmted

*
4 I &,ooo4

5 Qo, 000 13 30

6 *20,O@) 5 30

7 *20, 000 30
1 I

Locationof failure

Just abovefillet

Justabovefillet

Airfoilcrackedat tip
neartralung edge

Airfoilcrackedat tip
neartrailingedge

Bladeserr.ationteethcracked

Bladeserrationkeethcracked

Bladeserrationteethcracked
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